The poly A-containing mRNA of cultured hamster (BHK-21) cells has been examined with regard to methylation status. Steady state-labeled mRNA was obtained by incubating cells for 20-22h in the presence of [methyl-^H]-methionine and 3 2 P^. The degree of methylation of this RNA was 1.8 methyl groups per 1000 nucleotides, or 4-5 methyl groups on the average per molecule. The nature of the methylated residues was determined by paper chromatography and electrophoresis of acid and alkaline hydrolysates, by DEAE cellulose chromatography of alkaline hydrolysates and of T2 RNase digests, and by examining the effect of subjecting samples to "B-elimination." Approx. half of the methyl groups occurred in standard ("internal") linkage, 10% as nrCp and 40% as m 6 Ap residues. The remainder occurred at least for the most part in "blocked" 5 >
The present paper describes studies on the methylation status of the poly A(+) mRNA of cultured hamster (BHK-21) cells. This RNA was found to contain 1.8 methyl groups per 1,000 nucleotides. The major methylated bases were identified as 7-methylguanine and N -methyladenine. In addition, evidence was obtained for the presence of smaller amounts of m Cp and of of a Nuclear Chicago s c i n t i l l a t i o n counter, adjusted so that s p i l l o v e r in e i t h e r d i r e c t i o n was l e s s than 1%. Backgrounds were approx. 2.5 and 6 cpm 3. 32
for Ti and P r e s p e c t i v e l y . In some analyses peaks of i n t e r e s t contained as few as 5-10 cpm of H above background ( e . g . , Figs. 7 , 8 ) ; samples from such runs were counted for 3 to 7 10-min. i n t e r v a l s , together with approp r i a t e backgrounds. To convert isotope r a t i o s to molar r a t i o s , a sample of tRNA from the same experiment was counted in p a r a l l e l , and in exactly the same manner, as the mRNA samples.
Samples from sucrose g r a d i e n t s , and paper and " t h i n -l a y e r " segments, were counted using "NCS" s o l u b i l i z e r -s c i n t i l l a t o r (Amersham-Searle). DEAEc e l l u l o s e column fractions were assayed for H using "aquasol" (New England
Nuclear Corp.). In some runs ( e . g . The RNA sedimented as a broad band centered at 18-20S. Aside from a small amount of residual low molecular weight material, the H paralleled the 32 P, i n d i c a t i n g a constant degree of methylation across the g r a d i e n t . The 3_ 32 average Ti/ P r a t i o of the mRNA was 2.1% that of a sample of g e l -p u r i f i e d tRNA counted in p a r a l l e l .
Taking tRNA to contain 85 methyl groups per 1000 n u c l e o t i d e s (ref. 8) the value for mRNA was 1.8 per 1000. In a second experiment (cf Fig. 6 ) p r e c i s e l y the same value was obtained.
Fractions from the gradient of Fig. 1 corresponding to the 16S-30S region were pooled, and the RNA was concentrated and subjected to r echromatography on oligo-T c e l l u l o s e . Approx. 802 was again recovered in the low s a l t e l u a n t , and the apparent degree of methylation was unchanged. N-glycosidic bond.)
As shown in Fig. 2 , there were two prominent methylated purine peaks in the mRNA patterns. One, containing 45-50% of the methyl label, ran with N -methyladenine; the second, containing 22-24% of the label, ran with 7-methylguanine.
The remaining 30% of the methyl label of acid hydrolysates ran towards the anode. A discrete peak containing 9-12% of the label moved slightly behind Cp, as expected for m Cp (ref. A second generally useful system for separating the products of acid hydrolysis was paper chromatography in an acid system ("1"). As illustrated in Fig. 3 , approx. 50% of the mENA methyl label ran with N -methyladenine and 25% with 7-methylguanine. In addition, approx. 10% again ran as expected for m Cp, as a peak just beyond Cp. In this system most of the label released by acid from 28S 2'-0-methyl residues ran as a shoulder at the solvent front, and smaller amounts trailed towards N -methyladenine.
Approx. 15% of the mRNA methyl label ran heterogeneously between m Cp and the solvent front ( Fig. 3) , in general agreement with the inference regarding 2'-0-ribose methyl content drawn from electrophoretic analyses.
Further support for these identifications was provided by chromatography in an alkaline system ("4"). In this system (cf Fig. 7 , below)
negatively charged residues such as nucleotides and ribose phosphate derivatives remain at the origin. Approx. 30% of the mENA methyl label did just this, equivalent to the sum of the label in m Cp plus presumed methylated ribose derivatives. System 4 cleanly separates N -methyladenine from the other methylated adenines that run near it on electrophoresis at pH 3.5, and again 45-50% of the mENA methyl label ran with N -methyladenine.
To obtain information on the nature of the nucleotide linkages in which the various methylated residues were involved, samples of mENA were subjected to alkaline hydrolysis. When the radioactivity in these peaks was eluted, concentrated, and subjected to acid hydrolysis followed by paper chromatography, compounds behaving like undegraded m Cp, and N -methyladenine, were recovered. Fig. 5, below) . Portions of the RNA sample described for Fig. 2 were used, and hydrolysis and electrophoresis were as described in Methods. A sample of pm 7 G was processed in parallel and yielded the 260 mp-absorbing spots labeled "pm7G-ALK". Approx. 200 cpm were run in A and 100 cpm in B. For more complete characterization of the presumed end-group peak, a 32 •second experiment was performed similar to the first except that more P was added and analyses were accelerated, with the aim of measuring phosphate in isolated end-groups. In addition, to circumvent the degradation and partial release of 7-methylguanine from alkali-generated end-groups, we subjected the major portion of the mRNA to procedures designed to yield better defined structures. These were (1) digestion of intact RKA with RNase T2, which should yield end-groups with full complements of 7-methylguanine; and (2) alkaline hydrolysis of RNA that had been previously subjected to periodate oxidation followed by aniline treatment ("B-elimination"). This l a t t e r procedure releases m G from structures such as m G (5') 
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" 30 Fraction Number Fig. 1 ) was digested and chromatographed as described in the text. 1.8ml fractions were collected.
RNase digest of poly A(+) m R N A from this experiment. Less than 2% of the a appeared in the wash, whereas 47% and 51% appeared in peaks corresponding to the "-2" and " -5 " isostiches. There was also a well-defined P peak corresponding to the -5 isostich. This peak contained 0.24% of the total phosphate, and 0.21% when" a modest background (indicated by the dashed line in the Figure) was subtracted.
Since the average size of the m R N A fraction examined was approx. 2600 nucleotides (based on sedimentation relative to 18S and 28S rRNA), this value is compatible with the " -5 " peak's being an end-group oligonucleotide containing 5 or 6 phosphates [5/2600 = 0.19%; 6/2600 = 0.23%]. The phosphate/methyl ratios were fairly constant across the peak, and the overall ratio (Table 1 ) was in good agreement with that inferred from the more detailed compositional studies described below.
Fig . 7A shows the distribution of methylated residues from the -5 peak, as determined by acid hydrolysis followed by electrophoresis at pH 3.5. As expected, there was a prominent 7-methylguanine peak (40% of the total Tl), as well as substantial amounts of heterodisperse label in the 2'-0-methyl 3 3
derivative region (45% of the total H). Unexpectedly, 13% of the H ran as a peak in the adenine region. Parallel analyses were done on an R N A sample subjected to 8-elimination followed by alkaline hydrolysis.
DEAE chromatography of this sample yielded a pattern similar to that of Fig. 6 , or from an analogous peak from an RNA sample subjected to 6-elimination followed by alkaline hydrolysis, were subjected to acid hydrolysis as described in Methods. Panels A and B: electrophoresis at pH 3.5; C, chromatography in System 4. Symbols are as for Fig. 2 ; in addition: 2MA, 2-methyladenine; DMA, N §-dimethyladenine. 
2.2
The values represent weighted averages over -5 peaks such as that of Fig. 6 , and are all from the experiment described in this figure. Conversion of isotope ratios to molar ratios and derivation of "theoretical" ratios were as described in the text.
Further information on the nature of the methylated ribosides of the end-groups was sought by subjecting portions of a "8-eliminated" -5 peak to combined alkaline phosphatase and venom phosphodiesterase treatment. When such digests were fractionated by thin layer chromatography (Fig. 8) two major peaks were observed. One, containing approx. 30% of the applied H, corresponded to Gtn; the other, containing approx. 36% of the Tl, ran beyond all the standard Nm's, as well as m A. This latter peak was thought to be m Am, since its Rp relative to m A resembled that of Am relative to A, and it contained about the right amount of radioactivity to account for the N -methyladenine in acid hydrolysates (v.i.); confirmation was provided by eluting the peak from a parallel run and demonstrating that acid treatment released approx. equal numbers of counts in N -methyladenine and in methyl ribose. Lower levels of H (roughly 20% of the total in the 8-eliminated -5 peak) ran with Cm plus Um (which were poorly resolved), while little (<10%) ran with Am or m A. 10% remained at the origin and was not examined 5 10 Cm from Origin Fig. 8 . Methylated Riboside Analysis of the -5 Peak of "B-eliminated" Poly A(+) mBNA. A portion of the -5 peak from the "6-eliminated" sample described in Fig. 7 was concentrated and subjected to digestion with alkaline phosphatase and phosphodiesterase (see Methods). The digest (in 30 ul) was lyophilized, re-dissolved in 10 ul of 0.5N NH4OH, and subjected to thin layer chromatography as described in Methods. Symbols are as for previous Figs., except that standard abbreviations are used (i.e., all refer to ribosides). The major ribotides plus pm 7 G and m 7 G remained at the origin. (Fig. 7) .
If we assume that a typical end group contains one m G, one Nm, and 0.3 N -methyladenlne r e s i d u e s , then the average phosphate/methyl r a t i o of an i n t a c t end group would be 5/2.3, or 2.2; and that of a 6-eliminated end group would be 5 / 1 . 3 , or 3.8. This is the source of the " t h e o r e t i c a l " values of Table 1 , which are in reasonably good agreement with experimental.
The three types of end-groups examined (those from T2 RNase digestion and from a l k a l i n e hydrolysis with or without prior 6 elimination) were a l l eluted from DEAE-cellulose a t approx. the same p o s i t i o n . Apparently the presence, absence, or intactness of the 7-methylguanine residue has l i t t l e influence on chromatographic behavior. There are however some differences between our r e s u l t s and the e a r l i e r s t u d i e s . The occurence of m Cp in mRNA has not been reported elsewhere.
In addition, the earlier studies indicated that 50% or slightly more of the mRNA methylation occurred on ribose residues, whereas our figure is approx.
20%. The source of these differences is not known, but an interesting possibility involves the labeling periods used. The methylation pattern of the hamster mRNA is distinctive among cellular RNA's not only with regard to the unusual 5' terminal structures, but also in the relative abundance of internal N -methyladenlne. The present r e s u l t s , together with those on mouse, ' r a t , and human c e l l s , indicate that these d i s t i n c t i v e features are common and perhaps i n v a r i a b l e in mRNA from mammalian systems. Coupling between t r a n s c r i p t i o n 22 and methylation has been shown for reovirus mRNA, and a specific requirement for terminal m G in t r a n s l a t i o n has been demonstrated for c e l l u l a r as well as v i r a l mRNA's in an in_ v i t r o protein-synthesizing system.
J
The r o l e s cf the other terminal methyl groups, and of the i n t e r n a l methylated r e s i d u e s , remain to be specified, as does the s i gnificance of the apparent diversity of ribose methylated residues.
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